Numerous studies have investigated the dimensions of the upper airways in awake subjects and discussed their importance with regard to sleep apnoea.f" Two groups succeeded in obtaining computed tomograms during sleep and found that upper airways were narrower than during wakefulness.'2" In a recent review on the mode of action of nasal CPAP, Sullivan and Grunstein stated that 'all the evidence points to its action as a physical pressure splint as the dominant reason for its success'.'4 The results of a study using endoscopic observation and a recent study measuring pharyngeal volume by magnetic resonance imaging provide further evidence that nasal CPAP works mainly by enlarging the pharyngeal size and splinting the airway open.'5 6 It is not known, however, whether Bi-PAP is as efficient in dilating the upper airway as conventional CPAP or whether the greater comfort of lower expiratory pressures permits a substantial reduction in the upper airway calibre. We used computed tomography to determine the effect of CPAP and Bi-PAP on upper airway calibre in awake patients suffering from obstructive sleep apnoea.
Abstract
Background This study aimed to determine whether reducing the expiratory pressure during nasal positive airway pressure for reasons of comfort causes a substantial decrease in the upper airway calibre. Methods Eight patients with obstructive sleep apnoea were studied. Continuous computed tomography ( each run lasting 12 seconds) was used to measure minimum and maximum pharyngeal cross sectional areas at the velopharynx and the hypopharynx. Pharyngeal areas were measured while patients were awake and breathing without assistance, during the application of 12 cm H20 continuous positive airway pressure, and during bilevel positive airway pressure with an inspiratory pressure of 12 cm H20 and an expiratory pressure of 6 cm H20. Results Nasal continuous positive airway pressure significantly increased the mean minimum and maximum upper airway areas at both the velopharynx and the hypopharynx compared with normal unassisted breathing. Bi seconds and included at least two full respiratory cycles. Since the projections obtained over 0 7 seconds (corresponding to 0-7 seconds of a full rotation) were the minimum required to reconstruct an image, 23 overlapping 0 7 second images were reconstructed at intervals of 0 5 seconds from the raw data of a single sequence. Hard copies were taken at a window width of 600 HU and a level of + 40 HU.
The cross sectional areas of the upper airways were measured semiautomatically using experimental software designed for quantitative densitometric pulmonary studies.920 A starting point inside the lumen of the upper airway was indicated manually (with the cursor) on the monitor. Including adjacent pixels of densities between -100 and -1024 HU, an automatic and precise tracing of the airway circumference (fig 1) and determination of the airway area was then performed by the computer. The accuracy of airway calibre determination by computed tomography had been verified in an earlier study.2' If necessary, user interaction served to verify inclusion of only the functional air column behind the soft palate-that is, to exclude the non-functional airway between the tongue and the soft palate. In the lower hypopharyngeal airway, the area occupied by the tip of the epiglottis was included in the cross sectional measurements in cases where it became visible.
From each single computed tomography sequence (each of 23 images) the images with the minimum and maximum cross sectional area were used for comparisons.
PROTOCOL
In each patient a total of six computed tomography sequences were obtained during show the changes in cross sectional areas at the velopharyngeal level registered during three 12 second scanning sequences. The effects ofnasal CPAP and Bi-PAP on the minimum and maximum cross sectional areas of both velopharynx and the hypopharynx are shown in figures 3 and 4, and in table 1. Three findings appear noteworthy. Firstly, in line with previous studies a CPAP of 12 cm H20 considerably and significantly increased the minimum and maximum cross sectional areas of both the velopharynx and the hypopharynx. Secondly, compared with the data obtained during unassisted breathing the effects of Bi-PAP were less consistent: only the increase of the maximum area at the velopharynx reached statistical significance. At the hypopharynx, however, three out of eight patients did not show any appreciable airway widening. Lastly, between the CPAP and Bi-PAP applications there was a conspicuous and highly significant difference in the mean minimal cross sectional area of the hypopharynx.
Discussion
The most important finding of this study is that dilatation of the upper airway is reduced during Bi-PAP breathing at the chosen pressure settings, as reflected by the insignificant increases in the crucial minimum cross sectional areas at both the velopharynx and hypopharynx. The comparative data obtained in the same patients during CPAP application, which are consistent with the results observed in previous studies,7 8 22 confirm thatthe relative lack ofeffect of Bi-PAP is not a consequence of patient selection or of technical problems.
Several factors in the current study must be considered. Firstly, because ultrafast cine computed tomography was not available we were not able to monitor precisely the dimensional changes of the upper airways within a single respiratory cycle. Instead, a modern general purpose scanner was used with continuous rotation and scanning, typically at a rate of one rotation per scan. We chose 700 ms scans, and by reconstructing them every 500 ms obtained some temporal overlap. Hence, it is possible that some short-lasting volume changes of the pharynx have been missed. This disadvantage, however, is probably outweighed by the continuous data acquisition over a longer period of time. An additional technical problem pertains to the determination of the cross sectional areas of the pharynx. Since the drawing of airway circumferences and the calculation of cross sectional areas are by computer, a userdependent bias can be excluded. Previous evaluation of the method used in this study is reassuring and our data compare favourably with those of others.5 121921
Secondly, can data obtained during wakefulness be extrapolated to sleeping patients. Making measurements during sleep would be most accurate but this is difficult to achieve with today's technology>" and thus only scanty computed tomography data during sleep are available.'2 13 Evidently, the effect of any PAPapplication as therapy for sleep apnoea must eventually be ascertained by polysomnographical studies. There is, however, considerable evidence that the finding ofa splinting effect of PAP-application during wakefulness has some predictive power to choose an adequate modality to treat patients with sleep apnoea. 4 16 23 Finally, one might argue that the insufficient effect of Bi-PAP observed in this study was predictable as the average pressure over a respiratory cycle was lower (about 9 cm H20) than during CPAP (12 cm H20). Indeed, it is possible that by increasing the Bi-PAP to an average pressure of 12 cm H20, a significant effect on upper airway dimensions may be achieved. This study could not check this by a dose-response relation with Bi-PAP, but recent studies indicate that the problem is complex. 11 22 and that longstanding CPAP treatment increases the pharyngeal area during breathing without PAP compared with pretreatment measurements.25 Furthermore, it has been shown that pharyngeal transverse diameters are smaller in patients than in healthy subjects.26 In this study, visual inspection of the computed tomograms showed clearly that the increase in pharyngeal area with CPAP or Bi-PAP was mainly the consequence of an increased transverse diameter in all subjects, illustrated in one patient in figure 5 . Thus, CPAP or Bi-PAP seem to increase the size of the upper airway by restoring its physiological shape.
In conclusion, Bi-PAP with an inspiratory pressure of 12 cm H20 an an expiratory pressure of6 cm H20 seems to be much less effective in splinting the upper airway open than a CPAP of 12 cm H20. This finding in awake patients with obstructive sleep apnoea is of physiological interest but further sleep studies are required to determine its clinical relevance.
